Objectives: Upon completion of this article, the reader will be able to discuss how to diagnose and address common issues encountered with catheters and tubes placed by interventional radiologists.
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Dysfunctional catheters and tubes, which often present with occlusion or leaking, are commonplace following minimally invasive percutaneous procedures. Without an organized approach, these complications can lead to increased patient morbidity and escalation of medical care with associated cost. Therefore, the interventional radiologist should be familiar with methods to establish the cause and potential solution(s) to dysfunctional catheters and tubes. In general, common principles hold true across a variety of catheters and tubes, and often similar solutions (such as catheter exchange) are frequently applied. However, there are important nuances that are specific to particular catheter types that can avoid additional procedures or outright catheter failure. The purpose of this review article is to describe systematic approaches to common dysfunctional catheters and tubes, including percutaneous feeding tubes, percutaneous biliary drainage (PBD) catheters, percutaneous catheter nephrostomies (PCNs), other drainage catheters including abscess
Percutaneous Enteral Feeding Catheters
Percutaneous enteric catheters can be placed by open or laparoscopic surgical, endoscopic, or radiologic techniques. [1] [2] [3] Percutaneous radiologic placement of gastrostomy tubes (G-tubes), gastrojejunostomy tubes (GJ-tubes), and jejunostomy tubes (J-tubes) is safe and well tolerated.
4,5
However, catheter revision for occlusion or tip malposition is not an uncommon event, occurring in up to 13% of G-tubes.
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This section discusses common problems of enteric catheters, specifically pericatheter leakage, catheter obstruction, dislodgement, malposition, and catheter-related pain, along with potential management options.
Pericatheter Leakage
Pericatheter leakage is a relatively common issue encountered with percutaneous G-tubes, GJ-tubes, and J-tubes. 6, 7 A small amount of leakage around the tube is common and not unexpected and may require up to two to three dressing changes per day. A greater degree of leakage is often problematic due to skin breakdown, as well as other considerations such as the demand of frequent bandage changes and soiled clothing/bedding. Feeding tube-related leakage can be difficult to control and results in chronic management issues for the patient. There are several potential reasons for pericatheter leakage. Probably the most common reason is a tract that is not well sealed around the tube. Initially after percutaneous feeding tube insertion, the degree of sealing of the gastric wall or bowel around the tube is variable, usually with little to no associated leakage. Over the subsequent days and weeks after insertion, a foreign-body reaction to the tube occurs, consisting of acute and chronic inflammatory processes. 8 After an initial inflammatory response, granulation tissue, consisting of fibroblasts and angioblasts in a matrix of collagen, begins to form around the foreign body (i.e., the catheter or tube), resulting in physiologic exclusion of the foreign body by means of fibrous capsule formation at the interface. This tract formation results in a sleeve of fibrous tissue encapsulating the tube circumferentially along its length. As the tract continues to mature over time, tract contraction results in sealing around the tube with cessation of leakage under normal circumstance. However, as this process requires normal healing mechanisms, patients with malnutrition, malignancy, or systemic inflammatory states may not have normal healing, and thus expected tract maturation and sealing may not occur-and in some cases, the tract may enlarge. Unfortunately, patients with malnutrition, malignancy, and other systemic pathologies are those who often need percutaneous enteral feeding access.
Another cause of pericatheter leakage is excessive gastric pressurization related to gastroparesis, ileus, or obstruction, which can force gastric or enteric fluid through the tract around the tube. Another potential etiology for leakage around the tube is a fistula from the gastric lumen to the tract. In the case of GJ-tubes, leakage of tube feeds around the catheter may be a sign that the jejunal limb has retracted into the stomach as cause for pressurization. An abdominal radiograph can be useful for ascertaining whether this has occurred (►Fig. 1). Since GJ-tubes are typically inserted in lieu of G-tubes due to a contraindication to gastric feeding, this catheter malposition should be promptly addressed. J-tubes have been shown to have a higher rate of pericatheter leakage. 4 This may be related to the thinner jejunal wall when compared with stomach wall or lesser luminal capacity that may be more prone to the effects of ileus or dysmotility.
Buried Bumper Syndrome
Buried bumper syndrome is characterized by erosion of the internal retention bumper or balloon into the stomach or bowel wall. Essentially all percutaneous enteral feeding tubes can manifest with buried bumper syndrome, although this entity is by far most often described with endoscopically inserted G-tubes. Excessive or chronic pressure exerted upon the gastric wall and abdominal wall in between the internal bumper or balloon and the external retention disc can induce ischemia of the intervening structures with breakdown of tissues. The reported incidence is as high as 21.8% of cases, and typically first presents between 3 and 6 months postinsertion. 11 This clinical finding ranges from simple ulceration underneath the internal bolster, to an enlarging hole around the tube, to complete erosion of the retention bumper or balloon through the anterior abdominal wall with a resulting large defect. 12 Severe cases of buried bumper syndrome can result in abscess formation, necrotizing cellulitis, or, rarely, tube failure as the tract becomes sealed off and reepithelialized on the gastric mucosal side.
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Management of Skin Breakdown Associated with Pericatheter Leakage
Since gastric and intestinal contents are caustic to the skin due to the low pH and enzymes, skin breakdown often occurs in the setting of chronic leakage, which can eventually result in large skin defects. Thus, cessation of leakage is important to allow healing. Furthermore, the low pH and enzymatic activity may impair tract maturation and cause tract enlargement, resulting in worsening of leakage and continued tract enlargement. Thus, attention to wound care is an important aspect in the management of pericatheter leakage. Ostomy and wound care nurses typically have the ideal expertise to manage wounds related to enteric contents. Local measures such as powdered absorbing agents or a skin protectant such as a paste of zinc oxide may be used. A pectin powder can be sprinkled onto the irritated surface, followed by a saturating layer of liquid skin barrier, to protect the skin from further breakdown related to enteric fluids and facilitate healing. In difficult cases, an ostomy pouch may be ideal for protecting the skin around the defect and allowing convenient collection of the leaking fluid. In these cases, a customized pouch should be used, allowing the tube to exit the pouch with sealing around the tube. Proton-pump inhibitors may also be useful for decreasing the caustic effect of leaking contents on skin.
Management of Pericatheter Leakage
When pericatheter leakage is due to excessive gastric pressurization, gastric distention can be usually visualized on abdominal radiography or computed tomography (CT). In these cases, venting the G-tube to gravity or suction on a constant or intermittent basis may resolve the leakage, but will need to be continued until the underlying etiology has resolved.
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In patients with a balloon-retained or bumper-retained feeding tubes, very mild traction on the tube allowing the balloon or bumper to abut the intragastric portion of the tract can help to decrease leakage. However, cinching the external retention with excessive tension can induce ischemia of the intervening structures and impair tract healing (buried bumper syndrome).
12 New pericatheter leakage with balloon retention feeding tubes presenting in the setting of new tube instability may also indicate that the balloon has ruptured. In this scenario, the patient should secure the tube to the skin with tape and subsequently undergo tube exchange. Similarly, if the tube is a multi-side-hole catheter, a side hole may have retracted within the tract. In this case, catheter advancement or exchange in the setting of a broken retention suture is indicated.
To solve the problem of pericatheter leakage, some interventionalists may attempt to place a larger diameter gastrostomy tube with the thought of minimizing space around the tube for leakage to occur. Exchanging the tube for a larger diameter can help seal the gastrostomy tract temporarily, but is not recommended as it often results in eventual tract enlargement with worsening leakage.
12 If the tube functioned well for a time after placement without pericatheter leakage, it may be reasonable to remove the catheter altogether to allow for the tract to partially heal and contract. With daily monitoring of the old tract diameter, once the tract has sufficiently contracted, the patient can undergo catheter replacement via the same access site. Fistulas between the gastric or bowel lumen and the fibrous tract are extremely difficult to identify and may be difficult to resolve. In cases of persistent or severe pericatheter leakage of any etiology that is refractory to all attempts, tube removal may be the only viable option. Tube insertion at a different site could be performed, but the underlying issues causing persistent leakage may be encountered.
For GJ-tubes where the jejunal limb has migrated retrograde into the stomach, suboptimal tract angulation may be responsible for retrograde tip malposition, particularly when a G-tube was originally inserted endoscopically with subsequent conversion to a GJ-tube. 15 The tube could be addressed by reinserting a new GJ-tube appropriately into a postpyloric position-however, if suboptimal tract angulation is present, the patient may be at risk for recurrent malposition. Alternative options include removing the GJ-tube and inserting a new one with a more optimal tract angulation or abandoning gastrojejunal feeding access for J-tube access.
Feeding Catheter Obstruction
Catheter obstruction is another common problem that is typically related to inadequately crushed medications or inadequate flushing, which allows feeds or medications to accumulate and become impacted within the tubing. 16 Of paramount importance in preventing this phenomenon are explicit patient and provider instructions. Pills that must be administered through the tube must be finely crushed and diluted into a large volume of fluid. The tube should be flushed with 30 to 60 mL of fluid before and after tube feeds. In the setting of continuous tube feeds, intermittent flushing every 3 to 4 hours is also recommended for patients with issues with tube obstruction. Excessive intraluminal yeast colonization has also been associated with recurrent episodes of tube obstruction.
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Management of Feeding Tube Obstruction
Irrigation of the obstructed tube with saline or water is an appropriate initial step for obstructing feeding tubes. 16 If gentle flushing of the tube with fluid does not work, a more forceful injection may be effective to eject the obstructing material. Care must be taken, however, since excessive force could easily result in tube rupture at any point along the tube. A carbonated beverage can be infused and allowed to dwell in the tube for some time before attempting to flush again. A solution containing a pancreatic enzyme mixture (Viokase, Mont Saint-Hilaire, Quebec, Canada) has been reported to have a better effect than other solutions. 16 An alkalinized pancreatic enzyme (Creon, AbbVie Inc, Chicago, IL) was effective in clearing approximately half of the occluded enteral feeding tubes in a recent retrospective study, which is an efficacy rate much lower than that previously reported in the literature with a Viokase-based protocol.
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When catheter obstruction is refractory to conservative methods, catheter exchange is often needed. For G-tubes with a well-matured tract (more than 3 months), simply removing the tube and reinserting can be a quick and effective solution. If there is any uncertainty as to the tract maturity, or for all GJ-tubes, tube exchange over a guidewire should be performed. Inserting guidewires through obstructed catheters can be highly challenging. A stiff hydrophilic guidewire tends to be more effective, although gastroenteric contents tend to make hydrophilic wires very sticky; frequent rehydration of the hydrophilic coating is often necessary. In cases when it cannot be advanced through the lumen of the catheter, it may be possible to advance the guidewire along the outside of the catheter. For pigtail loop retention mechanisms, a peel-away sheath, sized 1 French larger than the catheter, can be advanced over the catheter, allowing maintenance of luminal access after removal of the catheter. In cases of repeated episodes of obstruction, catheter upsizing should be considered. In cases when all measures have failed, a decision must be made as to whether the tube can be safely removed with tract renegotiation using a guidewire and catheter -if not, then waiting an appropriate time interval until tract maturation is reasonable.
Catheter Migration/Malposition
Gastric peristalsis can result in forward migration of gastrostomy tubes beyond the pylorus when they are not well retained to the skin by the retention mechanism or suture. Patients will most often present with feeding intolerance with bolus feeds infused into the duodenum and/or excessive gastric distention that is unresponsive to gastric suctioning. The catheter can usually be retracted and repositioned without much difficulty (►Fig. 2). When balloon-retention catheters migrate to a peripyloric position, patients may present with gastric outlet obstruction.
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Management of gastrostomy tubes found to be completely misplaced (e.g., intraperitoneal or transcolonic) depends on patient presentation. If tube feeds have been infused intraperitoneally, patients should be started on broad-spectrum antibiotics and evaluated by the surgical team for potential peritoneal washout. Catheters placed into the peritoneum can often be removed without any clinical sequelae. If there are any defined fluid collections, image-guided aspiration and drain placement is recommended. In the event of inadvertent transcolonic access, the gastrostomy catheter should not be removed until tract maturation has occurred to decrease the risk of peritoneal spillage. Both surgical and conservative management strategies have been successful in this setting.
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Catheter Dislodgement
Accidental dislodgement or removal of enteric catheters is a common complication, with a reported estimated frequency of 11.9%. 22, 23 To prevent catheter dislodgement, enteric feeding tubes often have retention mechanisms such as a rubber bumper, balloon, or pigtail loops inside the gastric lumen. Catheters may become dislodged during sleep, normal daily activities, or self-removal in cases of disoriented patients. While tube dislodgement is usually a relatively benign complication, the consequences can be more severe in the setting of recently inserted tubes without concomitant gastropexy or jejunopexy (typically endoscopically inserted tubes). In the setting of tube dislodgement before tract formation and without gastropexy for G-or GJ-tubes or jejunopexy for J-tubes (i.e., <4 weeks after insertion), the stomach or jejunum can pull away from the anterior abdominal wall, with resulting spillage of enteric contents into the peritoneal cavity. Physical examination for an acute abdomen and/or CT can help determine whether surgical management is needed (►Fig. 3). While the primary purpose of T-fastener gastropexy is to facilitate tube insertion, the presence of T-fasteners may also facilitate regaining gastric access in the setting of early inadvertent tube dislodgement.
5,24,25
However, a study of T-fastener location after gastropexy revealed that 41% of T-fasteners had detached intraluminally or had migrated within the abdominal wall based on CT scans performed within 1 month of gastropexy.
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For enteral feeding tubes with mature tracts, reinsertion of enteral feeding tubes can usually be easily performed if the patient presents soon after dislodgement. For well-developed tracts, G-tubes can often be safely directly reinserted. However, if there is any concern for catheter position, a tube injection under fluoroscopy or with subsequent X-ray should be performed prior to enteral feeding. For more difficult G-tube cases and for all GJ-and J-tube cases, insertion of a guidewire through the tract should be performed, with advancement of the tube over the guidewire. The success rate for reinsertion of G-and GJ-tubes through an established tract is reported to be 91% (156 or 170), with decreasing rates of success with longer durations after dislodgement. 22 The success rate is high if reinserted within 3 days after dislodgement; reinsertion attempts performed 4 or more days after dislodgement had a lower (71%) success rate. 22 Feeding tubes that had been indwelling for longer periods of time were also associated with improved success rates. When G-tube reinsertion is needed for patients with a healed tract, needle access at the prior site is often easily performed without need for repeat gastropexy. For re-access of J-tubes at a healed site, ultrasound can be used to visualize the tract to allow repuncture of the jejunum through the tract, with a reported 92% success rate.
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Percutaneous Biliary Drainage Catheters
Biliary drainage procedures are associated with significant catheter-related complications, occurring in up to 22% of procedures. 28 Complications affecting catheter function include pericatheter leakage, catheter obstruction, postclamping cholangitis, catheter obstruction, and catheter dislodgement/malposition. In this section, etiology, prevention, and management of these complications are discussed. 
Percutaneous Biliary Drainage Obstruction
Pericatheter Leakage
Pericatheter leakage encountered with PBDs is highly suggestive of catheter obstruction, and thus should be addressed as described above. When the catheter is obstructed and no longer decompressing the bile ducts, intrabiliary pressure increases and eventually forces bile to travel along the path of least resistance, which is usually along the tract on the outside of the catheter. Another cause for pericatheter leakage is catheter malposition. The multiside-hole biliary drainage catheter should be ideally positioned so that there are side holes above and below the level of obstruction. If the catheter has migrated toward the bowel, such that all side holes are downstream from the obstruction, the biliary tree remains obstructed and there is leakage of bile along the catheter tract. 28 Conversely, if the catheter is retracted enough that side holes are outside of the biliary tree but within the tract, bile can easily leak externally around the catheter. In all of these cases, catheter exchange is warranted, with special attention to catheter positioning and anchoring at the skin. Only rarely will pericatheter leakage occur in the absence of obstruction or catheter malpositioning; in these cases, catheter upsizing can be considered. In patients with ascites, pericatheter leakage of ascitic fluid can be mistaken for bile. In these cases, drainage of peritoneal fluid on a transient basis (needle paracentesis) or a chronic basis (tunneled peritoneal drainage catheter) can be performed until tract maturation occurs.
Percutaneous Biliary Drainage Dislodgement/ Migration/Retraction
PBD catheter dislodgement is reported in up to 3.4% of cases. 29 PBD catheters are typically held in place by a suture anchor at the skin site, the internal retention loop in the Fig. 3 Gastrostomy tube malposition. A 92-year-old disoriented woman removed a gastrostomy tube 2 days after placement. A physician in the emergency room attempted replacement with a Foley catheter. Given severe abdominal pain and immature tract, a CT scan was performed. Axial CT image demonstrates a misplaced Foley catheter (arrowheads) in the peritoneum adjacent to the stomach (arrow). The catheter was subsequently removed, and the patient was placed on broad-spectrum antibiotics and successfully managed conservatively.
duodenum, and any additional external fixation devices or tape. External biliary drainage catheters, which are used when the biliary occlusion cannot be traversed, require particular attention to the securement, since these will very easily become displaced or retracted. When catheter retraction occurs, patients should be instructed to tape the catheter in place and should undergo a fluoroscopic catheter evaluation as soon as reasonably possible. In some cases, catheter retraction is suspected but uncertain because the retaining suture is intact but may have slipped. In this case, new pericatheter leakage, persistent pain, and alterations in biliary catheter output (for externally draining catheters) are supportive of the diagnosis of catheter malposition. Initial evaluation can include an abdominal radiograph, with comparison to the postprocedural image to ascertain whether significant catheter retraction has occurred. If uncertain, contrast injection under fluoroscopy is indicated. While physical traction on the catheter is the most common cause for PBD retraction, spontaneous retraction or migration can also occur. Catheter migration can occur due to respiratory motion and routine movement, even when the catheter is securely anchored to the skin. Essentially, the catheter can loop into the perihepatic space, with retraction of the pigtail loop toward or into the common bile duct. This phenomenon is more prone to occur in newly inserted catheters prior to tract formation. Migrated catheters may present with pain due to irritation of the adjacent peritoneum and/or catheter obstruction if kinking occurs. PBD retraction can also occur in the setting of morbid obesity, where the mobility of the pannus and skin can retract the catheter due to the suture anchor to the skin. This may be more prone to occur for right-sided catheters placed at the lower aspect of the ribcage due to the relatively higher degree of subcutaneous thickness and pannus mobility. In these cases, a left-sided approach placed in the subxiphoid region may provide more catheter stability, or if a right-sided catheter is necessary, a higher and more anterior site may be optimal. Furthermore, avoidance of catheter anchoring at the exit site can be considered, with primary reliance on the internal pigtail loop for catheter retention.
If PBD catheter dislodgement occurs in the setting of a mature tract, catheter reinsertion can be attempted with high success rates if performed within 2 days of dislodgement.
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An initial tractogram performed by pressing a blunt syringe tip into the exit site can be helpful to delineate the presence and configuration of the tract. It is ideal to avoid or minimize injection of local anesthetic at the exit site, which could disrupt or narrow the tract. Using a catheter and guidewire combination, attempts can then be made to negotiate the tract into the biliary system. Hydrophilic guidewires tend to be better suited for this purpose. In certain cases, however, de novo access may be required.
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Percutaneous Catheter Nephrostomy
PCN has become an essential interventional procedure in the management of patients with various urinary tract diseases such as ureteral obstruction due to both benign and malignant causes; it is also used for patients with ureteral or bladder leaks due to various causes. 30 At present, the most commonly used PCN catheter is a self-retaining pigtail catheter with a locking string, which contains either a single-or double-stranded cord inside the lumen of the catheter.
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After placement has been achieved, routine exchange of the nephrostomy catheter is required to prevent obstruction related to mineral deposition and encrustation with risk for sepsis. The procedure is frequently completed in a few minutes, often without sedation. Routine nephrostomy exchange is typically performed at 1 to 4 month intervals.
Percutaneous Catheter Nephrostomy Obstruction
PCN obstruction is usually secondary to mineral encrustation within the lumen of the catheter. In patients with hematuria, blood clots can also result in tube obstruction. Patients will present with decreased or cessation of urine output, pericatheter leakage of urine, flank pain, fever, and/or sepsis. Similar to PBD obstruction, PCN obstruction warrants that catheter exchange be performed as soon as reasonably possible due to the risk of sepsis, with consideration for upsizing. Advancement of a guidewire through the nephrostomy catheter can be quite challenging in the setting of catheter encrustation. In cases when conventional and hydrophilic guidewires are unsuccessful, several additional approaches can be taken:
• Peel-away sheath technique. The existing PCN is cut, while maximizing the length of the remaining catheter. A peelaway sheath that is the same size or 1F larger is then advanced over the PCN into the collecting system. If there is inadequate catheter length to reach through the peelaway sheath, a suture is tied to the proximal cut end of the indwelling PCN and brought through a peel-away sheath. The PCN is then pulled out. A new tube can be inserted through the sheath; use of a guidewire may be helpful in forming the pigtail loop.
• "New side hole technique." A metal cannula with a blunt stylet (such as the Hawkins needle) is advanced into the nephrostomy tube to the point of obstruction. The blunt stylet is then replaced with a sharp stylet and advanced a short distance through the obstructed catheter and the stylet is then removed. Contrast is then injected to confirm positioning in the renal pelvis, followed by advancement of a 0.035″ wire for secure access. The obstructed pigtail can then be more forcefully removed through the sheath while maintaining wire access.
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• Pericatheter technique. Either a guidewire alone or a guidewire inserted through a small 5 French catheter is advanced into the tract alongside the occluded catheter. Success of this maneuver depends on maturation of the tract. A floppy-tip or J-tipped guidewire is preferred, to avoid damage to or perforation of the tract. Negotiation of the length of the tract may be difficult if areas of tortuosity or stricture are present. Injection of contrast material through the catheter will allow depiction of the route necessary for cannulation. 33 However, renal parenchyma may be tightly sealed around the catheter leading to difficulty entering the pelvis or possibly the creation of false channels.
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Pericatheter Leakage
Similar to PBDs, a leaking PCN usually indicates the catheter is either obstructed or retracted partially or fully into the tract. Catheter exchange is indicated.
Percutaneous Catheter Nephrostomy Dislodgement/ Malposition
PCN displacement is among the most common complications of PCNs, with most studies citing rates of around 15%. 35 In cases where the PCN has been completely dislodged, there is often a limited window of time available to replace the catheter into the existing tract. Success rates for reinsertion vary, but one study of 25 PCN reinsertions reported an 88% reinsertion success rate when performed within the first 48 hours after dislodgement. 22 In cases where there is continued leakage of urine, the tract is usually still intact and easily traversed with a catheter and hydrophilic guidewire. Similar to PBD reinsertions, a tractogram can be attempted, and local anesthesia should be used sparingly. Not infrequently, the exit site may appear to be healed without a visible orifice. However, if a scab is present, unroofing of the scab may allow visualization and access to the origin of the tract. Techniques to replace a catheter via an existing tract vary widely, but most commonly involve the use of a 4 to 5 French catheter with a hydrophilic guidewire. The guidewire is used to gently probe the tract with concomitant advancement of the catheter, taking particular care not to create a false passage, until the collecting system is reached. Similar to PBD catheters, nephrostomy catheters may be inadvertently retracted. Symptoms of malposition include a sudden decrease in output, pain, bloody urine, pericatheter leakage, and fever (from obstruction). An abdominal radiograph can be performed to assess catheter configuration with comparison to prior images. An abnormally configured catheter loop, particularly one of diminished diameter, should raise suspicion that the catheter has been retracted into the tract (►Fig. 4). Again, if there is any concern, a catheter check and exchange should be performed under fluoroscopy.
Abscess Drainage Catheter Dysfunction
As with the other percutaneous drainage catheters above, pericatheter leakage of abscess drains are usually due to catheter obstruction or malposition, thus requiring a drainage catheter injection and catheter exchange. In the case of viscous fluid, catheter upsizing should be considered. In the setting of intra-abdominal abscess drains, a bowel leak should be suspected if continued high output and pericatheter leakage is encountered. Similarly, persistently high output of pseudocyst drainage catheters may indicate communication with the pancreatic duct. 36 Prolonged use of catheters in this scenario may allow diversion of enteric contents away from healing wounds with the aid of a vacuum-assisted wound closure device. When healing of the incision/wound has taken place, attempts can be made at gradually downsizing the tube to reduce the amount of secretions while allowing for tissues to scar down around the tube. Working closely with the surgeon is a must in this scenario, as this is a very difficult problem to resolve and may require a reoperation.
Central Venous Catheter Dysfunction
CVCs are commonly inserted and managed by interventional radiologists. While the procedural complexity is generally low, the subsequent management of catheter dysfunction is more complex.
Central Venous Catheter Occlusion
Occlusions are among the most common complications associated with CVC maintenance, characterized by the inability to aspirate blood from the lumen of a catheter. Studies in pediatric and adult patients suggest that occlusions occur in up to 36% of CVCs within 2 years of placement. 37 The most common causes of CVC occlusion are intraluminal thrombus formation and/or fibrin sheath formation around the tip of the catheter. 38 Pericatheter fibrin sheath formation has been demonstrated to occur as early as 24 hours after placement and is thought to occur in 80 to 100% of CVCs in the first week after insertion. 39 Additional etiologies for occlusion include catheter kinking, an excessively tight anchor suture (►Fig. 5), and catheter tip malposition, such as retraction of the tip into the tract, retraction into an occluded or stenotic venous segment, or migration of the tip into a small branch vein. The initial step in the evaluation of a dysfunctional CVC is a chest radiograph, to identify catheter kinking or catheter tip malposition (►Fig. 6). 40 If either of these is present, catheter exchange or revision is indicated. If the radiograph is unremarkable, an attempt at dissolution of presumed thrombus within the catheter lumen or fibrin sheath at the catheter tip can be attempted. 41, 42 One suggested dose regimen is the injection of 1.0 mg tissue plasminogen activator (tPA) in each lumen, which is then allowed to dwell over at least 1 hour. 41 If tPA dwelling results in a restored ability to aspirate blood from the lumen, the catheter can continue to be used; if tPA is ineffective or deemed inappropriate, catheter evaluation under fluoroscopy is warranted. In this instance, injection of contrast into the catheter should be performed to identify the etiology of dysfunction, such as a fibrin sheath, venous occlusion around the catheter tip by stenosis or thrombosis, or catheter tip malpositioning against the vein wall or in a small branch vein. If a fibrin sheath is present, contrast will accumulate around the catheter tip and travel retrograde along the outer surface of the catheter, exiting the fibrin sheath through one or more perforations (►Fig. 7). The usual dissemination of contrast out of the catheter tip will not be noted if a fibrin sheath is present. If catheter injection demonstrates a fibrin sheath, fibrin sheath disruption can be considered. 43, 44 For tunneled catheters, this involves removal of the catheter over a guidewire, then advancing an angioplasty balloon (10-12 mm diameter) over the guidewire, stopping several centimeters short of the Fig. 5 A 59-year-old woman with multiple myeloma underwent triple lumen Hickman catheter for plasmapheresis, presenting the next day with a dysfunctional catheter. The initial chest radiography demonstrates an indentation at the catheter anchor suture (arrowhead). After this was released and resutured with less tension, the catheter functioned well. prior catheter tip position. The balloon is then inflated to its maximum diameter. This theoretically results in separation of the fibrin sheath at that site. The balloon is then advanced over the guidewire for several centimeters. This maneuver should theoretically avulse the distal fibrin sheath segment. When the new catheter is reinserted over the guidewire, the tip will be completely free of the residual fibrin sheath, although fibrin sheath will still be encapsulating the segment of catheter near the venotomy. Alternatively, advancing the catheter at least 1 cm deeper than its original position will also achieve this effect, if the catheter tip is not already at its maximum depth in the right atrium. For left-sided catheters, advancement of the catheter into the mid-to-deep right atrium will provide optimal functionality. 45 For tunneled hemodialysis catheters, fibrin sheath stripping was shown in a randomized clinical trial to be less effective than overthe-wire catheter exchange for long-term patency and is thus not recommended 43 ; transcatheter thrombolytic therapy was found in a separate randomized trial to be equivalent to fibrin sheath stripping. 46 Despite the mixed efficacy of these techniques reported in the literature, most operators advocate beginning with transcatheter lytic therapy as the least invasive intervention, followed by catheter exchange with or without balloon disruption of the fibrin sheath. For implanted ports that are resistant to tPA instillation, fibrin sheath stripping can be performed. From a common femoral vein access, a snare is advanced through the inferior vena cava and right atrium to encircle and grasp the catheter with the snare at the catheters midportion (►Fig. 8). With moderate tension and moderate force, the snare is pulled until it slips completely off the catheter. It is normal for the catheter to elongate due to stretching; however, care should be taken to avoid pulling excessively, since disconnection of the catheter from the port or catheter fracture can occur. This method has been demonstrated to achieve greater than 90% success rates. 47 For catheter tips that are adherent to the wall, additional methods may be required for detachment to allow snaring. Success has also been reported by advancing a 0.018″ guidewire through a Huber needle into the port and catheter. Subsequently, the guidewire can be snared from a femoral access. Once through-and-through access has been achieved, a snare can be advanced over the guidewire to facilitate snaring of the catheter.
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If all attempts have failed, for port and nonport catheters, de novo catheter insertion is necessary. While the original port pocket or tunneled access site can often be reused, a new venous access site should be used. By doing so, it can be ensured that the catheter is not advanced through the old fibrin sheath resulting in early reocclusion. In cases of venous occlusion or stenosis around the catheter tip, the catheter can be exchanged for a longer one if a guidewire can be advanced beyond the occlusion. Central venography, via catheter venography, CT venography, or magnetic resonance (MR) venography, can also be performed to identify cases where catheter obstruction is due to central venous thrombosis or occlusion.
Central Venous Catheter Dislodgement/Malposition
Malpositioning is a complication of CVC placement that can occur after initial insertion, usually related to respiratory motion and various body positions such as with maximum arm abduction. For tunneled and nontunneled catheters, exchanging the catheter under fluoroscopy and advancing/ repositioning the catheter with a guidewire are the most common solutions. In one retrospective study, this maneuver had a success rate of 65% at the bedside and 100% under fluoroscopy.
49 Another less invasive technique described for smaller catheters, such as single lumen ports (5-6F) or PICCs, is the use of a 1-to 3-mL syringe to rapidly infuse saline with a forceful injection into the catheter. 50, 51 For implanted port catheters with tip malpositioning, excision of the port with exchange for a new port with a well-positioned catheter is the most definitive option, although attempts to reposition the catheter can be performed using snares from a groin or neck access. Dislodgement of tunneled catheters tends to occur in the early time interval prior to tissue ingrowth into the cuff. In the case of partial retraction with exposure of the cuff, catheter exchange is mandated because the cuff is contaminated once it is external to the tract. For complete catheter dislodgement, reinsertion of the catheter through the prior tract can be attempted. This technique has been well described as safe and effective, particularly within the first 24 hours after dislodgment. In a retrospective study of 49 patients who underwent 57 recannulation procedures, an overall technical success rate of 86% was observed, with rates of 100% for catheters replaced within the first 12 hours and 64% for catheters that were replaced after 24 hours. 52 A second, smaller study had similar findings in 24 patients with a success rate of 88% within the first 24 hours and 44% after 24 hours. 22 Of course, the alternative is to insert a de novo catheter.
Conclusion
Interventional radiologists place catheters for a variety of different indications. Unfortunately, catheters can be complicated by pericatheter leakage, obstruction, dislodgement, migration, malposition, and infection. In fact, catheter dysfunction is one of the most common reasons for a repeat intervention in interventional radiology. As patients live longer with catheters, it is important for the interventional radiologist not only to be aware of these problems, but also to have a thorough understanding of their etiology and potential solutions.
